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MAGNETIC SOLID PHASE SUPPORTS 

i 1^4--:^ iDurif ication 

This invent.. — ~- interes t eg proteins, nucleic 

5 of molecules of biological interest eg e 
acids, and other biopolymers. 

• ~f mo lecules of the above kinds often 

Thp p ur ifi cation of moiecuies> 

T Ulti-step procedures requiring much tx«, 
involve multi-step pro ^-ntiallv hazardous 

10 technically complex equipment and P^ 1 * 1 * 

. in affinity chromatography step is often 
"agents. An affinity c should be 

*inal or Denultimate step. Ideally this step 
final or y process to maximise 

15 Te^r t o generate « r ^ r; is no rr:r e 

TZ^o^Z^. «*» «- »ay - P-e- 

fa liLure of substances containing particulate and/or 

^f actors be as lo„ rj^XI^^ 
purification procedure prior *o affin^ y^ ^ ^ 

result in tne loss of at leas, -u- — ^ 
product and an increase in the time req 



it. 



30 Th e present invention is ~»™*£"^™'Z£ t 

of relatively simple techniques for use witn v 

viscosity 

articulate matter and -MO are based on t*e us ^ 
been proposed in recent years. However, in spite 
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fact that the facilities required for magnetic 
separation are much less costly and complex than those 
reared for column chromatography or centrifugation the 
techniques have not so far received .„ \. 

5 deserve. received the attention they 



The present invention comprises magnetisable polymer 
dLMt rT lBS deriV " iSed » ith "*•»-. possessing 
10 tvoes If T" 9 , a " initiaS *« »»l^o acids and other 
10 types of biomolecule, and the use of these particles for 
nucleic acid (and other biomolecular, purification and 
spallation, including double or single stranded nucleic 
acids, genomic DMA, plasmid OKA, and cellular UNA. 

" L h Y ir T Mndin9 ° £ ^ li9and t0 the -lecule 
is important to achieve the benefits of this invention 

Uniting of the target molecules eg. through 
intercalating agents as described in EP 301,899 A. 

ZL PZ TT • lnVentlon arises particulate support 
material having magnetic properties and bearing " 

FroTl bi " dS t0 n ° leCUleS ° f 3 s P-«^ type. 

2 5 !1T SSPeCt PreSCTt in ™ tl °" arises a 

25 method of separating biomolecules of various types by 

binding such molecules to ligands which are selective 

partite 8 ~* <° -gnettsable 

particulate support materials. The invention is further 
apparent from the appended claims. 



20 



30 

The magnetic susceptibility of MSPS materials in 
accordance with the present invention is a func n o 

quant" y of ^ ° £ ^ Pa " iCUlata and the 

35 This ^'^tic materia! incorporated therein. 

35 This property may therefore be adjusted as desired in 

order to provide an appropriate selection parameter, m 
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. . ~* Mctpq materials may be 

practice a proauc. ^ ~ ---- range Qf 

manufactured in order to cater for 
separations encountered in both analytx 
preparative procedures . 

5 The MSPS trials in accordance with this invention are 
oreferably gels and are conveniently in the for. o£ 
preferaDiy g« ,,, hi iised bv crosslinking eg 

beads , s urh gels may be stabilised by Da rtte re 

with epichlorohydrin, leading to greater 
10 stability especially at high temperatures Many 
pollers may be used for the purpose, of 
Including celluiose, dextran, polyacrylamide and the 
synthetic material trisacryl. One of the most 
iterials is agarose. The positive benefits of this 
15 polymer are ,el strength and biologxcal -'"^ ^ 
abundance of hydroxyl groups possessed by the agarose 
matrix allows for easy covalent attachment of various 
Uglnds desirable for molecular biology -PP"~ to "V£ 
its non-covalent secondary structure also engenders 
20 structural stability, porosity and ease of shaping into 
spheres. Since many molecular biology methodologies are 
^formed at temperatures above that at which agarose 

stability into the agarose solid phase support. 

MSPS materials consist oi a>- — — - 
components a non-magnetisable component which may be 
chemically derivatised with suitable ^-"\^ 
M gnetisable component .„ core, -ama-trc = rt ^ 
30 can be introduced into the soli P M 
addition of powdered paramagnetic iron 

the agarose during the preparation of the MSPS which 
teads to entrapment of the paramagnetic 

the solid Phase matrix and gives the particles their 

35 magnetisability • 
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MSPS particles should be within a si2e range which 
allows the greatest particle surface area exposure to 
ligate, but at the same time allows the best particle 
magnetic sedimentation rate. A relationship exists 
between spherical particle volume and sedimentation rate 
controlled by the equation F = (x v - X^P) VH (dH/dX) 
where F = net force x v and x v ° = the volume 
susceptibilities, and V = the volume of the particle and 
H - applied magnetic field and dH/dX + the magnetic 
field gradient. The magnetisable component should also 
have a high degree of magnetisable susceptibility to 
optimise magnetic sedimentation rates. 



The ideal magnetisable component can be selected on the 
15 basis of the above equation, but in practice relatively 
few paramagnetic molecules have been used in MSPS. iron 
oxide, barium ferrite and nickel oxide may be used 
Iron oxide has many advantages over other substances for 
MSPS construction since it possesses a high magnetic 
20 susceptibility, is readily available, inexpensive and 
non toxic. a highly preferred system for our purposes 
entails iron oxide as the magnetisable component for 
MSPS and agarose as the polymer matrix in which to embed 
it. However, other natural and synthetic polymers may 
25 be used as MSPS matrix material including cellulose 
alginate, dextran and perf luorocarbon based supports. 

MSPS may be prepared either by encapsulation of the 
magnetisable component during the preparation of the 
30 particle, or by addition of the magnetisable component 
subsequent to particle formation. 

Encapsulatinn 



35 Encapsulation of the magnetisable component is 
convenient when iron oxide is used in MSPS construction. 
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....... ~ .^nnnont nan be mixed in an aqueous 

Tne magus; uxs>o.uo.>= • — 

suspension of cellulose or agarose and allowed to cure, 
the water is removed and the dried material ground to 

the size range required- 

Alternatively, MSPS may be prepared by spraying or 
droplet formation and this leads to beaded particles. 
MSPS may be prepared by addition of a suspension of 
sodium alginate and iron oxide dropped into a soxutxc. 

10 of calcium chloride. Droplet formation can be brought 
about through emulsif ication techniques and thee have 
been employed for the formation of spherxcal 
magnetisable dextran, albumin, acrylates, acrolein and 
polyglutaraldehyde. In this system an aqueous emulsxon 

15 of the matrix polymer and magnetisable component xs 
prepared. This is added to mineral oil and the two phase 
system stirred. A precipitate is formed of beaded 
particles . 

20 fiubse qnent ad dition 

Preparation of MSPS by addition of the magnetisable 
component after particle formation has been achieved 
with derivatised and under ivatised sepharose. It has 
. j_ ; „~ canharnee ^articles with a 

suspension of rerrite xu ~- -j 

results in their magnetisability without significant 
loss of activity of the derivatised form. 

30 As an alternative to this method the particle is coated 
with an aqueous solution of polyacrylamide containing 
ferric oxide. The resulting particles tend to be large 
>250 fim and very porous. However, they are amenable to 
activation via either the polysaccharide or 

35 polyacrylamide component. 
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Preparation of MSPS 



In one method we have used to prepare agarose MSPS an 
aqueous suspension is extruded into an immiscible 

5 organic phase. A suspension of paramagnetic iron oxide, 
Fe 3 0 4 , (4% w/v) in molten agarose (2% w/v) was extruded 
into vegetable oil stirred with an overhead paddle 
stirrer using a specially adapted plastic syringe. The 
end of the syringe was sealed, then drilled with a small 

10 hole to allow the molten agarose/iron oxide mixture to 
be extruded into the oil phase. The MSPS was collected, 
washed with water and sized by sieving, then checked 
under a light microscope set up for Kohler illumination 
for morphological homogeneity. The particles formed 
15 were highly bead like and uniformly spherical, a 
consequence of both the extrusion technique and the 
immiscibility of the oil and water. 

The highly spherical nature of the particles produced is 
20 particularly desirable because it prevents local 
concentration change effects that might occur with 
particles whose surface is more heterogeneous. It is 
particularly important to maintain uniform ionic 
concentrations around the surface of a particle in order 
25 that local absorption and/or desorption does not occur 
and alter the bulk properties of the support. 

When the MSPS was viewed under the light microscope, 
small yellow inclusions were observed incorporated 
30 within the agarose matrix which were believed to be 
vegetable oil retained in the matrix of the agarose 
during the preparation of the MSPS. To remove these 
inclusions the MSPS was washed following preparation in 
an acetone/water series. 

35 

Many factors determine the size, quantity and quality of 
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nrnrinned. A ranqe of differently sized MSPS 

r — ~ 

(>500/im - <150mto) were obtained when stir rate, hole 
bore diameter and extrusion rate were altered. Results 
indicated that the faster the stir rate of the oil 
5 phase, the narrower the bore size of the pierced hole 
and the higher the extrusion rate, the greater the 
proportion of smaller diameter MSPS (less than ISO/an) 
was produced. Small particles are sought for affinity 
chromatography as they possess a greater surf*^ 
10 area/volume ratio, significantly enhancing their ligand 
loading capacity and subsequent ability to take up and 
release macromolecules during chromatography. 

in an illustrative preparation, 10 ml of molten 
15 agarose/iron oxide suspension was extruded from a 10ml 
syringe at a constant extrusion rate of 3.3 ml sec 
(10ml extruded over a period of 3 sec) into vegetable 
oil stirred at _6000 rpm. The effect of bore size 
diameter on MSPS production was studied first, with 
20 holes of 0.7, 0.5, 0.3 and 0.1mm being drilled in the 
sealed end of the syringe. A diameter of 0.7mm gave the 
largest amount of MSPS greater than SOOum diameter, 
whilst negligible amounts of the smaller sized particles 
(less than 150/m diameter) were formed. Using syringes 
, r> c™™ =«rj n _ Trnm diameter holes gave a 

Slignt inmeaoc u*. — • 

amounts of the particles greater than 500*m were still 
produced. Only when a syringe with a hole bore size of 
O.lmm was used was there a significant increase in the 
30 proportion of smaller diameter MSPS produced. 

The effect of different extrusion rate on MSPS 
production, has also been investigated using a syringe 
of drilled hole bore of O.lmm and stir rate of 6000rpm. 
35 The greater the extrusion rate, the greater the 
proportion of smaller diameter MSPS collected, and a 
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rate of 3,3 ml sec" 1 (rate measured as above) gave the 
best results. Similarly, we have found that increasing 
the stir rate leads to an increase in the amount of 
smaller sized (less than lSO^m diameter) MSPS produced. 

5 

Taken together, the above results indicate that the 
conditions which favour production of smaller MSPS are 
those of small hole bore size, high extrusion rate and 
stir rate. Although the size range distribution of the 

10 agarose MSPS produced is wide, sufficient amounts of 
small particles can be produced for derivatisation and 
applications. It was observed that 20/im appeared to be 
the minimum diameter of MSPS attainable using this 
production method, any material recovered below this 

15 size generally consisted of non-spherical lumps and 
waste material of varying iron oxide/agarose content. 

In order to confer thermal and chemical stability on the 
MSPS following manufacture, it may be cross-linked with 

20 epichlorohydrin under basic conditions using known 
methods. The cross-linking reaction covalently binds 
together the polymeric agarose strands by a three-carbon 
link, instilling a physical rigidity in the particles 
that reduces the risk of shear damage. Once cross- 

25 linked MSPS can be autoclaved (120°C, 15psi, 15 min) 
without damage or alteration of its physical properties, 
and is resistant to a whole range of chemical reagents 
used in further derivatisations . Cross-linked MSPS can 
be stored quite satisfactorily at room temperature for 
30 several months as a suspension in 20% aqueous methanol 
(to act as an anti-bacterial agent) without any 
deterioration. No leaching of iron oxide from the 
agarose matrix was observed. 



35 
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, rtrri ..-^~*<™ »f MSPS n ith affinity Ugands 

Many procedures already exist for the derivatisation of 
cellulose, dextran and agarose with affinity Ugands, 
and these can be utilised with a minimum of adaption for 
our agarose MSPS. 

We have prepared several MSPS derivatives for nucleic 
acid purification. These are listed below; the type of 
surface ligand lb given along with its abbreviated form: 



10 



15 



(i) Diethylaminoethyl - DEAE 

(ii) Epichlorohydrin/triethanolamine - ECTEOLA 

(iii) Spermine 

( iv ) Diglycidylbutane-1 , 4 , -diol/Tr is ( aminoethyl ) 

amino - TAEA 

(v) Epichlorohydrin/hydroxyethylpiperazine - 

EHEP 

( vi ) Diglycidylbutane-1 , 4 , -diol/Hexane-1 , 6- 
diamino - HDA 

50 DEAE- , ECTEOLA- , spermine-, TAEA- , EHEP, and HDA-MSPS 
can all be used for the general isolation of nucleic 
aids and are listed in decreasing order of affinity for 
nucleic acids. 

The degree of ligand loading may be expressed as the 
ability of a known weight of MSPS to adsorb a known 

violet spectroscopy. This serves as a method of quality 
control for the MSPS to check that surface 
derivatisation had proceeded satif actorily . in an 

, n illustrative procedure, a suspension of DEAE-MSPS (100 
mg ml" 1 ) was incubated with a solution of salmon sperm 
DNA (50/xg ml' 1 ) at room temperature in an Eppendorf 
tube After 30 minutes the MSPS was immobilised with a 
magnetic concentrator, the supernatant removed and its 

35 adsorbance at 260nm and 280nm recorded, and compared 
with that of the original stock solution of DNA to 
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10 



calculate the level of nucleic acid uptake. Typically, 
for DEAE-MSPS a figure of at least 95% uptake of salmon 
sperm DNA was obtained. Similar results were obtained 
for ECTEOLA-, TAEA- and spermine-MSPS (Table 1). 



in 



The nitrogen atoms of the ligand become protonated 
solution, generating a positively charged MSPS to which 
the negatively charged phosphate backbone of the nucleic 
acid is attracted (Fig. i). since tertiary amines are 
10 more basic than secondary or primary amines, solid phase 
supports derivatised with tertiary amine-containing 
ligand have a higher positive charge density and 
therefore a greater affinity for nucleic acids. This 
has been confirmed in so far as the DEAE, ECTEOLA and 
15 TAEA supports performed best in the DNA uptake assay, 
whilst the EHEP, and HDA-MSPS showed decreasing affinity 
for DNA , not because of a low degree of surface ligand 
coverage (the amounts of reagents used were sufficient 
to ensure high surface derivatization) , but because of 
20 the lower affinity of the secondary and primary amine 
ligands for DNA. The spermine-MSPS displayed good 
affinity for DNA possibly because its long chain 
polyamine nature enables it to bind DNA molecules by 
wrapping around them and that the ionic charge of 
25 attraction of the multi-protonated polyamines is 
greater . 

The adsorbed DNA could be eluted from all samples with 
at least 80% efficiency (based on A 260 readings) by 
incubation for up to 30 minutes with 1M NaCl/50mM 
30 arginine free base at 65'c. The derivatised MSPS can be 
stored at 4"C for several months in suspensions of 20% 
aqueous methanol without any decrease in performance or 
capacity for nucleic acids. 



35 
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KoaHofl magnetic agarose 

EXAMPLE 1 wrepapaui.n. ^ ^. , . 

Two methods for the preparation ^ of magnetisable solid 
phase support (MSPS) are yiven below. 

5 (i) A solution of molten agarose (2% w/v) containing 

. t?o o (4% w/v), and sodxum 

paramagnetic iron oxide, Fe 3 0 4 (4* w/ . 

_^ zid . (Q.02% w/v) is extruded at a rate of 3.3 ml s 
from a 0.1 mm diameter hole drilled at the ena ox* 

10 sealed 10ml syringe into vegetable oil (100ml), rapxdly 
stirred by an overhead paddle stirrer at 6000 rpm. 
Stirring is continued for 1 minute after extrusxon xs 
complete then 100ml of deionised water is added and the 
t wo-phase mixture left to stand on a slab magnet for 16 
15 hours. The majority of the cleared oil phase- 
decanted and the aqueous phase contaxnxng the beaded 
MSPS re-washed with deionised water (100ml). The 
M s S u S pension of MSPS is initially sized by sieving through 



20 2 00„m. 180M-. and 1B0M- using a Fritsch sieve sh^er^ 
Ttl e fraction containing particies of 

diameter is further sieved with Sieves of mesh size 



!00^, B0,.. 32,. and 20pm. AH fractions c °" ect «« 
then washed successively with 30:70 v/v acetone=water 

^/-vo. ^^Ktr^miic acetone, ana 

the MSPS is stored in 20? aqueous — 

anti-bacterial agent. 

(ii) The procedure of (1) is followed except that 

. instead of overhead stirrxng. 

30 homogenisatxon xs used xnstead or 

The initial solution is extruded into vegetable oxl 
stirred at 11,000 rpm in a homogeniser. Homogenxsatxon 
is continued for a further 1 minute after ^ 
complete then 100 ml of deionised water xs added and the 
35 two-phase mixture left to stand on a slab magnet for : 16 
hours. The remaining procedure is as descrxbed xn (1). 



WO 94/1 1103 

PCT/GB93/02289 



12 



Particles of diameter 20-50 M m or 50-l00 M m are selected 
for further derivatization with affinity ligands and 
biological applications, and the greatest proportion of 
these sizes is produced using the homogeniser method. 

5 

Thermal stability is introduced into the MSPS prepared 
as described above by crosslinking agarose polymers 
using epichlorohydrin. Two methods have been used: 

10 lm 10ml of settled volume of MSPS is stirred with 

100ml 0.05 M NaOH and 1ml epichlorohydrin using a rotary 
shaker at room temperature for 3 h. Subsequently, the 
MSPS is washed several times with 0.0 5M NaOH. 

15 2 ' 10 ml of settled volume MSPS is stirred with 

100 ml 0.05 M NaOH, 1 ml epichlorohydrin and O.OSg NaBH4 
using a rotary shaker for 2 h at 60°c. Subsequently, 
the MSPS is washed several times with warm distilled 
water. 

20 

EXAMPLE 2 Preparati on of rWi ^atiseri m.^dq 
m DEAR 



25 Cross-linked MSPS (3.2 g moist weight) is suspended in 
10% sodium hydroxide (15ml) and cooled to 0'c in an ice- 
water bath. a solution of 2-(N-N'-diethylamino)ethyl 
chloride hydrochloride (3g) in water (4ml) is added 
slowly to the suspension with occasional shaking. The 

30 suspension is left at o"c for 30 minutes, then allowed 
to warm 23 «C. After 16 hours, the DEAE— MSPS is washed 
successively with 2M sodium chloride, sterile distilled 
water, 30:70 v/v ethanol : water then 70:30 v/v 
ethanol: water, and finally suspended in 20% aqueous 
35 methanol to give a final particle density of 100 mg/ml . 
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cross-linked MSPS (0.7 g moist weight) is suspended in 
sodiu* hydroxide <3ml> and cooled to 0 c in 
5 water bath. A solution of triethanolamine (0.4ml) in 
epichlorohydrin (0.7ml, is added drop-wise with 
occasional shaking, maintaining the temperature at 0 C. 
Mt er 30 minutes the suspension is all-* tc . warm 
23-C, Shaken vigorously using a tlask shakei and ^loft to 
10 stand tor 16 hours. The mixture is then poured into a 
large voiume of 1M hydrochloric acid with stirring, 
filtered, then washed successively with 1* sodium 
hydroxide, sterile distilled water. 20% agueous methanol 
then finally water. The ECTEOLA-MSPS is stored xn 20. 
15 aqueous methanol to give a particle density of 100 
mg/ml . 

f i -i -i ) Spermine 

20 cross-linked MSPS (0.5 g moist weight, is washed 
successively with 30:70 v/v dioxane: water. 70:30 v/v 
dioxane:water. anhydrous dioxane and finally _«-P-»*« 
in anhydrous dioxane (1ml). 1.1-carbonyldiimidasole 
(0 ig, is added under a nitrogen atmosphere and the 
' 9 . . ,„ minutes at 23-C. The MSPS IS 

washed again »iui .„,„ 

A solution of spermine (0.56g) in dexonxsed water 
(2 .5ml) is slowly added with agitation, and the 
suspension of MSPS left at 4*C for 16 hours. It xs then 
30 shaKen for a further 2 hours at 23»C, then washed 
successively with sterile distilled water 1M 
hydrochloric acid and finally sterile dxstxlled water. 
The spermine-MSPS is stored in 20% aqueous methanol to a 
final particle density of 100 mg/ml. 



35 
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(IV) TAFA 



Cross-lxnKed MSPS (0.5 g moist weight) is suspended in 
1M sodium hydroxide ( o . 4ml ) . sodium borohydride (i mg) 
5 xs added followed by diglycidylbutane-1 , 4-diol (0.5ml) 
The suspension is shaken at 23'c for 6 hours, then 
filtered, washed thoroughly with deionised water and 
mediately resuspended in 5M tris ( 2-aminoethyl )amine 

in wash / Sh9ken ^ 3 °° C 2 h ° UrS - The ^ P-Sion is 

10 washed successively with sterile distilled water l M 

sodium chloride, sterile distilled water and finally 
0.05M phosphate buffer ( P H7). The TAEA-MSPS is stored 
xn 20% aqueous methanol to a final particle density of 
100 mg/ml. 1 



15 



MSPS ( 2 . 5g mois t weight) is activated with oxirane 
groups as described for TAEA-MSPS, then suspended in 5M 

20 hexane-i ,6-diamine rmii 

, ia *>me (ml). The suspension is shaken at 

30 c for 2 hours, then filtered, washed successively 

with sterile distilled water, 1M sodium chloride" 

sterile distilled water and finally o. 05M phosphate 

2 5 l U tha er i P t H7) -- ^ HDA - MSPS ^ St ° red ^ ™ *™ 
25 methanol to crive a fM^ai * ■> 

^ give a final particle density of 100 mg/ml. 

(Vi) KHFP 

30 4o° SS ~H inkSd MSPS (0 ' 9 9 m ° iSt WSight) is suspended in 
30 40. sodium hydroxide (4ml) and cooled to o'c in an ice- 

TtllT^' A SOlUti ° n ° f N - (2 - h ^-^hyl)pi P era 2 ine 
(0.5ml) m epichlorohydrin (0.9ml) is added drop _ wise 

with occasional shaking, maintaining the temperature at 

C After 30 minutes the suspension is allowed to 

35 warm to 23'c, then shaken vigorously using a flask 

shaker and left to stand for ie hours. The mixture Tu 
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, „«i„«o of 1M hydrochloric acid 

then poured into ^ a = succeS sively with 

with stirring, filtered, di8tilled water, 20% 

1M sodium hydroxide, ster distil ied water. 

and t many ^wv^ 

aqueous w>th«no. methanol to give 

i The EHEP-MSPS is stored in 20 . ague 
a final particle density of 100 mg/ml- 

, Y Mt , m for the separation and purification 

of nucleic acids are given 

10 Three specific protocols for £ 
purification of different types of nuclei 

been developed: 

15 % -» — — ic aoid 

of Placid 0„* fro, a cell lysate 

Lio acidH: he adsorbed hy the HSPS can he in a 
20 The nucleic acids *° solutions of one, or 

variety of forms, including aq semi -crude 
m ore than one species * adsorbed non- 

cell lysate ^ e Uient temperature ,WC, 
specifically by the HSPS _ ^.^ ^ fce 

eluted specifically in pure — . ionic 

treatment with elution solutions of differi 

strengths . 

30 . mixture of »X and OK* can he -^/^HT^ 
by th e O^-derivatised hea s. th ^ ^ 

0 . lMNaCl/50mM arginine (free 
minutes . 

_ adsor bed by the MSPS from a cell 
35 Plasmid DMA C - b ^ ii a n dS ° i r y b s e is) Y which has been treated 
lysis mixture (boiling iysi*>> 
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with RNAse. Any remaining small fragments of 

oligoribonucleotide which co-adsorb with the plasmid DMA 
can be eluted using 0.lM/50mM arginine (free base), then 
the pure plasmid DNA can be eluted using 1.0M/50mM 
arginine (free base) at 65'c for 15 minutes. 



5 



Total RNA could be adsorbed to and eluted from the DEAE- 
MSPS, but elution occurred at much lower ionic 
concentrations and temperatures and at a significantly 
10 faster rate. DEAE-MSPS was incubated with a solution of 
total RNA (50„g ml"*) at 23°C for 30 minutes, 
magnetically immobilised and the supernatant removed 
Comparison of the A 26Q values of the supernatant and 
original stock solution of RNA showed that, on average 
15 90 % of the RNA had been adsorbed by the MSPS. The RNA 
could be eluted with an efficiency of 80-85% at salt 
concentrations of o.ih NaCl up to i.OM NaCl (50mM 
arginine free base) at 23 °c. 

20 studies on the effect of elution solution composition on 
salmon sperm DNA elution showed that below 0.3M NaCl 
negligible amounts of DNA were eluted, even at 65'c' 
Above 0 3M Naci, DNA began to be eluted from the MSPS,' 
and full elution was achieved at l.OM NaCl/sOmM arginine 
free base/65 c. The rate of DNA elution was much slower 
than that for RNA: samp ies of DEAE-MSPS which had 
adsorbed salmon sperm DNA were treated for 1 5 15 and 

ToTTr, Peri ° dS SlUti0n SOlUti ° nS of O.1/0.5 and 

1.0M NaCl (all 50mM arginine) at 65'c. No DNA was 
30 washed from the beads at o.l M NaCl; at 0.5M NaCl 
elution occurred but only up to a maximum of 68% of 
adsorbed DNA. Treating the particles with i.om NaCl led 
to 45% elution of DNA after 1 minute, but the full 30 

35 TZT ,7^ Stl11 neSded t0 3ChieVe 90% -^ion 

J => (Table 2 ) . 
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^ Hiffprentiatinq plasmid 

DEAE-MSPS can also De u SC u ^ - 

DNA an, teal cellular »»■ - — ° Pl ""^ 
1S was prepared by standard boiUng lyx.. ^ 
5 contained amounts of PNA carried over fro, the lysis 
step DEAE-MSPS was incubated with this solution under 
the same conditions used for other protocols, 
^gnetically Mobilised, then treated with o£ HaCl 

to r omov- a dsorbed oligonucleotides, then the 

10 pla smid DNA elated using 1. OH/50* arginine free base 
Luted samples were analysed by agarose ge 
electrophoresis, which showed firstly that the MSPS wil 
adsorb and release plasmid DNA satisfactory using the 
standard uptake and elution protocol, and ~<=°"^- that 
15 RNA was eluted at 0.05M-0.! NaCl, whilst the plasmi 

was eluted at a salt concentration of 1.0M HaCl. 

nFiP-MSPS can be used to separate unwanted 
Therefore, DEAE-MSPS can ce 

* ™ M n lvsis from plasmid DNA, ana 
RNA resulting from cell lysis 

provide plasmid DNA of a purity and guality suitable for 

further applications. 



20 



Though exhibiting no preference in its adsorption of 
nucleic acids, DEAE-MSPS appears to selectively release 
tne m according to size upon application »f .l»t»» 
25 solutions. The DEAE-MSPS was non-specific in its uptake 

. _ j= c^lnf inn . but DV 

application of different concent—- ~ — — 
solution, DNA and RNA could be eluted specifically from 
the DEAE-MSPS , a procedure which can be scaled down to a 
30 mi crotitre plate format without loss of 

Similarly, plasmid DNA and RNA could be specxated on the 

DEAE-MSPS . 



35 
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EXAMPLE 3 DNA isnlafj nn 

25 mg (250 M 1 of 100 mg ml -1 suspension) of DEAE-MSPS is 
aliquotted into an Eppendorf tube and washed twice with 

5 sterile distilled water. A crude cell lysate containing 
the DNA to be isolated (up to 50aq total) is added to 
the MSPS and the suspension mixed by end-over-end 
rotation at 23 °C for 30 minutes. The MSPS is 
magnetically immobilised using a magnetic tube 

10 stand/holder and the supernatant removed. iml of an 
elution solution consisting of im NaCl/50mM arginine 
free base is added to the MSPS and the suspension mixed 
by end-over-end rotation at 65 *C for 30 minutes. The 
MSPS is then magnetically immobilised and the 

15 supernatant containing the eluted DNA removed. 



EXAMPLE 4 

Isolation of total RNA from a nnM. eic arHH mivi-,^ 

20 Total RNA can be isolated from a mixture of RNA and DNA 
using a method similar to that described above. 250 M 1 
of a suspension of DEAE-MSPS (100 mg ml" 1 ) is aliquotted 
into an Eppendorf tube and washed twice with sterile 
distilled water. The nucleic acid solution containing 
25 RNA and DNA (up to 50 M g total) is added to the MSPS and 
the suspension mixed by end-over-end rotation for 30 
minutes at 23 'c. The MSPS is magnetically immobilised 
and the supernatant removed, then 1ml of an elution 
solution (0.1M Naci, 50mM arginine free base) is added. 
30 The suspension mixed by end-over-end rotation for 30 
minutes at 65°c, the MSPS magnetically immobilised and 
the supernatant containing eluted RNA removed. A second 
elution procedure is then carried out using IM NaCl/50mM 
arginine free base to elute DNA which remains adsorbed 
35 to the matrix. 
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EXAMPLE 5 . cell ly^ia mixture 
Tcniation plasmid ON A from ce u^ 

_ ~~~^cnn+-r- i fuae for 

1 5 ml of cell culture is spun in <. — — 

5 2 „ seconds in an Eppendorf tube. The "P^'""' ^ 
aspirated and the cell pellet resuspended in 350 M 1 STET 
buffer (0.1M NaCI, 1«N Tris-HCl P H 8, 1. EDTA, 5« 
U ton x-1.0) cnnt^n tnq 2,1 of KHAse A solution (lea 
" a -lT 25,1 of a freshly prepared solution of lysozyue 
10 (10mg ml" 1 ) is added in 10m* trx.-HCl pHB . The 
solution is placed in a boiling water bath for 0 
seconds, then spun in a centrifuge at 13,000 rpm for 10 
minutes The pelleted cell debris is removed using a 
minutes. f lvsa te solution added to 

disposable pipette tip, and the lysate soiu 
15 25mg of DEAE-MSPS (250,1 of 100 mg ml suspension) in 
:r E ppendorf tube. The suspension is mi^d by end-over- 
end rotation for 30 minutes at 23 C, the 

wno«H and the supernatant removed, 
magnetically immobilised and the sup „ istilled 
" DEAE-MSPS is washed twice with sterile distilled 
2 0 Tter and -en washed two times with O.lmM N aCl/50mM 
Iralnine free base to remove any oligoribonucleotides 
i L lysis mixture which may become adsorbed 
To the MSPS. 1-1 of elution solution (0.5M NaCl/50mM 
arginTne free base) is then added and the suspension 
argj-u-L <=~^ i * minutes. 

The MSPS is magnetically immobinsea ~» — r - ----- 

cltainng purified plasmid DNA is removed. The DNA can 
Ten be precipitated, analysed directly by agarose gel 
electrophoresis, or manipulated in other ways. 

30 



35 
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TABLE 1 

Efficiency of adsorbtion of salmon sperm DNA hv differ ently Hprivari^ mcpc 
MSPS 



DEAE 


Avusuruaon / 7o 

95 


ECTEOLA 


89 


TAEA 


95 


Spermine 


86 


EHEP 


67 


HDA 


40 



25mg of MSPS incubated with lmJ of salmon sperm DNA (50pg ml' 1 ), 30m id, 23°C. 
(Average values of at least three experiments). 
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F.lution of aHsnrhed salmon sperm 



TABLE 2 



DMA from DFAF-MSPS us"p different elution solutions 



fNaCll 



0.1 

0.2 



FUition / % 



lmin 5min 15min 30min 



0 0 0 



0 

2 



0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 



18 44 56 



45 71 72 



25 
52 
68 
SO 
78 
80 
88 
97 



AH elution solutions 50mM arginine free base. Elution for 30min. 65°C. 
25mg of DEAE-MSPS incubated with 1ml of salmon sperm DNA 
(50ug ml" 1 ), 30min, 23°C. (Average values of at least three experiments). 
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CLAIMS 



1. Magnetisable polymer-based particles derivatised 
with a ligand having direct binding affinity for nucleic 
5 acids or other types of biopolymer molecule. 



2. Magnetisable particles according to claim 1, 
which the polymer is in gel form. 



in 



10 3. Magnetisable particles according to claim l or 2 , 
in which the polymer is cross-linked. 

4. Magnetisable particles according to claim 2, or 3, 
in which the particles are beads. 

15 

5. Magnetisable particles according to any of claims 
1 to 4 in which the polymer is agarose. 

6. Magnetisable particles according to any of claims 
20 1 to 5, in which the ligand is one capable of assuming a 

positive charge at pH7 or below and of reversibly 
binding directly to a negatively charged group or moiety 
in the target molecule. 

25 7. Magnetisable particles according to any of claims 
1 to 6, in which the ligand comprises a primary, 
secondary, or tertiary amine group. 

8. Magnetisable particles according to claim 7, in 
30 which the ligand is selected from 

(i) Diethylaminoethyl - DEAE 

(ii) Epichlorohydrin/triethanolamine - ECTEOLA 

(iii) Spermine 

( iv) Diglycidylbutane-l , 4 , -diol/Tris ( aminoethyl ) 
35 amino - TAEA 
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^ V y XJJ^-k-W*.*^.W*-w**jw— — -**/ - ~ j u — -l Jt 

- EHEP 

( vi ) Diglycidylbutane-1 , 4 , -diol/Hexane-1 , 6- 
diamino - KDA 

5 

9. Magnetisable particles according to any of the 
preceding claims, in which the magnetisable 
component comprises magnetic iron oxide. 

10 10. Magnetisable particles according to any of the 
preceding claims having a particle size range of 20-150 
jzm. 

11. Magnetisable particles according to any of the 
15 preceding claims, prepared by extrusion of an aqueous 
solution of the derivatised polymer containing suspended 
particles of a magnetisable material into a water- 
immiscible oil phase. 

20 12. A method of preparing magnetisable particles 
according to any of the preceding claims, which 
comprises extruding a suspension of magnetisable 
particles in an aqueous solution of the derivatised 
polymer through an orifice into a continuously stirred 

13. A method according to claim 12, in which the 
orifice has a bore of 0.1 - 0.3 nuns. 

30 14. A method according to claim 12 or 13, in which the 
extrusion ratio is 2.0 - 3.0 ml/sec. 

15. A method according to claim 12, 13 or 14, in which 
the oil phase is stirred with a rotary stirrer at 4000- 
35 6000 revolutions/min. 



BN8DOCID: <W0_JM1 1103A1J_> 



WO 94/11103 




• 



PCT/GB93/02289 



24 



16. A method according to claims 12, 13 or 14 in which 
the oil phase is stirred by a homogeniser. 

17, A method of separating biomolecules using 
5 magnetisable particles according to any of claims 1 to 



18. A method according to claim 17, for separating 
nucleic acids, from other biomolecules. 



19. A method according to claim 17, for separating DNA 
or RNA from mixtures thereof or from other cell 
components . 

15 20. A method according to claim 17, for separating 
plasmid DNA. 

21. A method according to claim 18, 19, 20 in which 
the target substance is adsorbed on the magnetisable 
20 particles at pH 7 or below and eluted selectively with 
elution solutions of approprate ionic strength. 



11 . 



10 



25 



30 



35 
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